Surface electrical impedance measurements can reveal the anisotropic character of muscle. The anisotropic characteristics of muscle are disrupted in Duchenne muscular dystrophy (DMD). Electrical anisotropy can serve as a biomarker for evaluation of muscle condition in DMD.
h i g h l i g h t s
Surface electrical impedance measurements can reveal the anisotropic character of muscle. The anisotropic characteristics of muscle are disrupted in Duchenne muscular dystrophy (DMD). Electrical anisotropy can serve as a biomarker for evaluation of muscle condition in DMD.
a b s t r a c t
Objective: We sought to understand the alteration in the anisotropic, or direction dependent, character of muscle as measured by electrical impedance myography (EIM) in subjects with Duchenne muscular dystrophy (DMD) and its potential to serve as a biomarker of disease status. Methods: Thirty-six boys with DMD and 27 healthy controls were measured with EIM, with electrical current applied both parallel and perpendicular to the major muscle fiber direction. In addition, muscle extracted from 10 mdx and 10 wild-type mice were measured analogously. Results: Normalized reactance anisotropy, a direction-dependent measure of membrane charge storage capability, was significantly lower in the four muscles of DMD subjects as compared to controls (p < 0.01). Normalized reactance anisotropy also decreased with increasing age in DMD subjects (r = À0.36, p = 0.031), but not in healthy boys. Analogous changes were observed in mdx mouse gastrocnemius as compared to wild type (p = 0.019). Conclusion: These results support that loss of electrical anisotropy is a previously unrecognized feature of dystrophic muscle. Significance: Anisotropic alterations may offer novel indices to assist in neuromuscular disease diagnosis and to serve as easy-to-obtain biomarkers in clinical therapeutic trials. Ó 2016 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Anisotropy refers to any directionally dependent property of tissue. A common use of the term is in diffusion tensor magnetic resonance imaging (MRI), in which the direction-dependent diffusion of water is defined as the tissue's fractional anisotropy (Basser et al., 1994; Le Bihan et al., 2001 ). This MRI technique has been especially useful in the field of neurology, allowing for the evaluation of white matter tracts in the brain and spinal cord, in disorders ranging from stroke (Werring et al., 2000) to multiple sclerosis (Werring et al., 1999) to cerebral malformations (Lim et al., 2005) . However, the concept has been applied outside the central nervous system, including to the kidney (Thoeny et al., 2005) and, most relevant to this discussion, to skeletal muscle (Lansdown et al., 2007; Damon et al., 2011) . Similar to nerves, skeletal muscle is anisotropic since normal muscle fibers have a fairly uniform orientation throughout the tissue. Disruption of the organized muscle fiber architecture by certain diseases or injury will lead to changes in the anisotropic nature of the muscle 
